Children's unstructured eating habits and activities may lead to excess dietary exposures not traditionally measured by the US Environmental Protection Agency. Influence of these activities on transfer of pesticides from treated Formica to foods was studied. The objective was to perform simulation experiments using four foods (bread, apple slices, bologna, and sugar cookies) exposed to treated Formica after varied time intervals between surface contamination and contact (1, 6, and 24 h) and frequency of contact with and without recontamination. Pesticides investigated included permethrin, bifenthrin, cyfluthrin, cypermethrin, and deltamethrin. Data will be used as input parameters for transfer efficiencies (TEs) within the Children's Dietary Intake Model (CDIM), which predicts total dietary exposure of a child. Pesticide transfer from surfaces to bologna and apples was more efficient than to bread and cookies. For the bread and cookies, all pyrethroids had a TE that ranged from below detectible levels to r4%. A combined average of 32-64% and 19-43% was transferred to bologna and apples, respectively, for the three contact times for all pyrethroids. The TEs of the varied time intervals indicated that increased time between contamination and contact showed little difference for bologna, bread, and cookies, but a significant difference for apples. As long as pesticide levels are measureable on surfaces in children's eating environment, it can be concluded that transfer of pesticides to foods will take place. Foods' characteristics had an important function in the transfer of pesticides when multiple contacts occurred. Regardless of recontamination, pesticides were efficiently transferred from the treated surface to bologna. The bologna did not reach a saturation point during the contacts. Pesticides were also efficiently transferred to apples, but reached a maximum TE during the second contact. The distribution of activity factors within CDIM needs to reflect the differences in the characteristics of the foods.
Introduction
Assessing the daily dietary intake of young children is a high priority under the Food Quality Protection Act of 1996. Pesticides are widely used in agriculture and home application (Curwin et al., 2005; Bradman et al., 2007) . Both uses pose a potential risk for increased dietary exposure, especially to children (Lu et al., 2009 ). The synthetic pyrethroid pesticides have been increasingly used, as organophosphate pesticides have been restricted (USEPA, 2005) . The increased usage of synthetic pyrethroids presents the need for more study on their impact on dietary exposures of children. Unique methods and protocols are needed to measure the ''true'' dietary intake of pyrethroids by young children (1-3 years of age) as they do not consume foods in the same structured manner normally associated with older children and adults (Freeman et al., 2001; Black et al., 2005; Freeman et al., 2005) . Foods eaten by a young child are often contacting surfaces (hands, floors, eating surfaces, etc.) that may be contaminated. This affords the opportunity for increased or excess dietary intake of a contaminant not generally associated with traditional measures of dietary exposure. In such a situation, duplicate-diet measurements, prepared by the child's caregiver, but not handled by the child while eating, capture only a portion of total intake of a contaminant. And, because it is very difficult or impossible to capture handled food samples as they enter the mouths of young children, it is necessary to find procedures to fully characterize and evaluate this potentially important pathway. The Children's Dietary Intake Model (CDIM) has been developed to predict total dietary intake incorporating excess exposures because of handling of food before consumption (Akland et al., 2000; Hu et al., 2004) . The model includes three terms added together to estimate intake of a single contaminant: Term 1 is the pesticide residue in the food; Term 2 is the contribution from surface-to-food contacts;
and Term 3 is the contribution from surface-to-hand-to-food contacts. The distribution of data for Term 1 can be obtained through duplicate-diet analyses or generated from residues and consumption information from available databases. The second and third input parameters contain transfer efficiencies (TEs) and activity factors estimated from laboratory or field studies. The transfer of pesticides from surfaces to foods is multiplied by the activity factor. This factor takes into consideration duration, frequency, pressure, and/or any activity that impacts the transfer of contaminant to food or hands. The activity may be straightforward as to the number of times it occurs, such as counts of hand touches (McCurdy and Graham, 2003) . However, the factor must take into consideration the impact of the activity (Hubal et al., 2005) , that is the multiplication of the transfer that is influenced by the activity. Earlier studies, conducted in the laboratory, determined TEs between certain food and surface combinations (Rohrer et al., 2003; Vonderheide et al., 2009a) . The impact of activities, such as surface contacts of a single food item or contacts with food items in multiple locations, on the transfer of contaminants is largely unknown or has been estimated (Akland et al., 2000; Hu et al., 2004) .
Additional studies to determine the influence of drying times and activities on the transfer of contaminants to foods were performed in simulation experiments in which food was exposed to treated Formica under specific conditions. The objectives of the experiments were to measure the impact of these activities to properly use the factor within the CDIM. The correct multiplication factor of the transfer is important to the success of CDIM in its prediction of total dietary exposure to pesticides, which, in turn, will lead to more accurate assessments for risk analyses.
Materials and methods
The experiments conducted in this study were a continuation of research that used similar sample preparation and analysis techniques that have been fully described earlier (Bernard et al., 2008; Vonderheide et al., 2009a, b) . The focus of these experiments was the influence of contact of foods to a treated surface after various drying times and varying activity of frequency with and without recontamination of the surface between the contacts. Four foods were investigated: thinly sliced Oscar Mayer bologna, Wonder sandwich style white bread, round sugar cookies (store brand), and raw, red delicious apples. Foods were selected based on moisture and fat contents, which were representative of those used in earlier work (Vonderheide et al., 2009a) . All were exposed to a 20 Â 20 or 400 cm 2 coupon of Formica laminate (purchased at a local hardware store) treated in a spray chamber with an aqueous emulsion containing five synthetic hydrophobic pyrethroids (bifenthrin, permethrin, cyfluthrin, cypermethrin, and deltamethrin) (Bernard et al., 2008) . Formica was chosen because it provided a flat, hard surface. It would likely produce the maximum TEs that might be observed with similar household hard surfaces, as shown in earlier work (Rohrer et al., 2003; Bernard et al., 2008 : Vonderheide et al., 2009a .
Commercially available pesticide solutions containing each individual active ingredient were combined at predetermined levels to achieve target deposition levels on the sprayed surfaces(s) of 0.5 mg/cm 2 for each pesticide. The spray solution was prepared on the day of use to ensure stability of the compounds and to avoid concentration changes because of evaporation/volatilization and/or hydrolysis. The aqueous solutions were viscous. Small volumes were used to create the spray solution. These two factors made it difficult to accurately obtain the desired target level; therefore, isopropanol-moistened gauze pad wipe samples were collected with each spraying event to determine the actual levels of each target pesticide on the surface. Table 1 lists the commercial components used in the preparation. Six Formica coupons were sprayed for each experiment. Four replicate coupons were sprayed simultaneously, as that was the maximum capacity of the chamber. The two remaining coupons were sprayed directly after the first set using the same spraying solution. The uniformity of the spraying was tested by placing multiple aluminum weigh boats within the chamber at various locations and statistically analyzed. The spray across the chamber in a singular event was shown to be consistent (Bernard et al., 2008) . Sprayed surfaces were transferred to stainless steel desiccators The six coupons were randomly used during the experiments. One treated Formica surface was wiped with an isopropanol-moistened gauze pad (Bernard et al., 2008) , one was covered with aluminum foil, and four were contacted with the food sample in the middle of the surface. Quality control samples to test the systems in obtaining data were performed to complete every exposure experiment. The final list of samples included four replicates of exposed foods, a wipe, aluminum foil, blanks (wipe and food), and matrix fortified samples (wipe and food). Aluminum foil deposition coupons were collected to verify the wiped levels with no surface interactions (Bernard et al., 2008) .
Experiment 1: Varying Drying Times
Four replicates of each food sample were collected after contact with treated Formica after varying the drying times. The sprayed surfaces were dried for 1, 6, and 24 h in the desiccators. The food items contacted the surface for 10 min after each variation of drying time. A 10-min contact was chosen based on earlier experiments that used varying times (Rohrer et al., 2003) to mimic the realistic duration that food could remain on the surface before being consumed by a child. Isopropanol-moistened surface wipe samples and appropriate quality control samples were collected for each experiment.
Experiment 2: Multiple Contacts with No Recontamination
Experiments to evaluate the impact of multiple contacts of a single food item to the same surface with no addition to or recontamination of the coupon with pesticides were completed. Four replicates of foods contacted treated Formica for 10 min after 1 h drying within desiccators. The same foods were removed from the surface for 10 min and then replaced on the same location for a second contact. This series of 10 min contact, 10 min wait, was repeated four times (or for four total contacts). To distinguish the impact of each contact, food samples were collected after each series. Therefore, four samples were collected after a single contact, then four new food samples were collected after the second contact of a treated surface, then four new food samples were collected after the third contact of a treated surface, and, finally, four new food samples were collected after the fourth contact (after the series as designed above) of a treated surface. A depiction of this is given in Figure 1 . Surface wipes, aluminum foil coupons, blanks (wipe and food), and matrix fortified samples (wipe and foods) were collected for each grouping of samples to obtain the deposition levels and monitor the quality of the process.
Experiment 3: Multiple Contacts with Recontamination
Experiment 3 was designed to evaluate the impact of multiple contacts of a food item with a surface that had been treated (recontaminated) with pesticides before each contact. Again, the food samples were collected in replicates of four. The food samples were uniformly cut by using a cookie cutter (30.2 cm 2 , aluminum round, generic) to allow the four replicates to be placed on one coupon. The uniformity of the treated surface allowed for confidence that the four foods on one coupon was equivalent to four foods on four coupons (Bernard et al., 2008) . The placement of four foods on one coupon also allowed for the first and second contacts to occur after the same spraying event. One surface wipe, therefore, was used to calculate TEs for both contact experiments. The quality control samples were also combined for these contacts. The foods contacted the surface for 10 min, were removed for 10 min, and then the same food contacted a new contaminated surface. This series was repeated for four contacts and samples were collected after each contact to measure the impact as above. Surface wipes, aluminum foil coupons, blanks (wipe and food), and matrix fortified samples (wipe and foods) were collected to obtain the deposition levels and monitor the quality of the sample preparation.
Sample Processing
Individual food samples were homogenized with diatomaceous earth (Hydromatrix, Varian, Palo Alto, CA, USA) by grinding with a mortar and pestle except for bread, which Figure 1 . Series of sample collections after multiple contacts with surfaces without recontamination (Experiment 2).
Influences on transfer of synthetic pyrethroidsrequired no homogenization. All samples were extracted with an Accelerated Solvent Extractor (Dionex 300 ASE, Sunnyvale, CA, USA). After extraction, samples were subjected to a solid phase clean up, and then concentrated using a Zymark Turbo Vap II (Hopkinton, Massachusetts, USA) for analysis by gas chromatography with electron capture detection (HP 6890 Series, Hewlett Packard, Wilmington, DE, USA). These procedures are detailed in earlier publications (Bernard et al., 2008; Vonderheide et al., 2009a, b) .
The levels of the individual pesticides within the prepared spray solution varied from one preparation to the next because of the surfactants, emulsifiers, and, sometimes, low concentrations of each pesticide of interest in the commercially available products (see Table 1 , deltamethrin, cyfluthrin, and bifenthrin). This was evident from historical data (Akland et al., 2000; Rohrer et al., 2003) . Therefore, the loadings on the foods must be normalized by calculating TEs. This allows direct comparisons to be made between the levels of pesticides on foods collected on different days.
TEs of the pesticide from the surface to foods were calculated as a percentage of the measured loading from wiping:
where, C f is the level of pesticide transferred to the food sample (ng/cm 2 ) and C s is the loading of pesticide on surface as determined from surface wiping (ng/cm 2 ). A logistic model was used to evaluate TE of individual and total pyrethroids within each food type as a function of drying time. The dependent variable was the logit (log odds) of TE, calculated as log[TE/(1-TE)]. This assured that the estimated TEs would all be between 0% and 100%. Difference in TE between 1 and 6 and between 6 and 24 h of drying time were evaluated for each pyrethroid and total pyrethroids. Multivariate analysis of variance on the logit was used to determine differences among pyrethroids in mean TE and TE by drying time interactions. Where significant differences in the behavior of relative TE were seen, an attempt to group pyrethroids with similar behavior was made. The results are cited as ''statistically significant'' at an alpha level of 0.05 (Po0.05).
Quality Control
To ensure that the procedures were operating within the proper boundaries, several quality control measures were carried out throughout all of the experiments. Samples were generated in four replicates to determine relative standard deviation for precision. Both blank and fortified foods and surface wipes were analyzed with each experimental set to determine the accuracy of the analytical scheme. The blank foods and wipes were below detectable limits of 1 ng/cm 2 for all pesticides; therefore, did not interfere with the analysis or calculation of the levels in the samples. Acceptable limits for surrogate (4, 4 0 dibromobiphenyl) recoveries were established as 50-150% for the food samples and 70-130% for the wipe samples. Surrogate recoveries for all experiments fell within these ranges or the experiments were repeated. Fortified sample results, both surface wipes and foods, fell between 50% and 150% recovery, or the experiments were repeated. The experimental and analytical systems were maintained and functioning properly throughout the study.
Results and discussion
The four foods chosen for these experiments represent the characteristics that have been shown to impact transfer F fat and moisture contents (Vonderheide et al., 2009a) . High fat and high moisture foods are efficient at transferring pesticides from contact with treated hard surfaces. The influence of the activities tested in these experiments is expected to hold true for all foods that have the represented characteristics.
Varying Drying Time
Transfer of the pesticides from surfaces was measured after the various drying times. The levels of each pesticide on the individual foods and wipes are tabulated in ) and the sugar cookies (all below detectible levels) were less efficient. The variability of the spray solution is evident when comparing the wipe levels, indicating the need to normalize the results. As stated earlier, to compare the foods, levels were converted to TE. The TEs are shown in Figure 2 , excluding bread and sugar cookie because of their low or non-existent values. Transfer of the pyrethroid pesticides was slightly more efficient by bologna, TEs of 30-66%, 46-80%, and 20-48% for 1, 6, and 24 h, respectively, than by apple slices, TEs of 24-52%, 24-55%, and 9-21% for 1, 6, and 24 h, respectively, when comparing the individual pesticides, but not statistically significant. If the average loading of all of the pyrethroid pesticides on the bologna and apples are converted by using the average surface wipe loading for the respective food, bologna transfers exceed apple at every time interval (45% vs 36%, 1 h; 57% vs 40%, 6 h; and 33% vs 14%, 24 h) Transfer was less efficient for bread and non-existent for sugar cookie indicating that these foods are less likely to become contaminated during contact. Statistically evaluating the TEs indicated that the transfers did not seem to be affected by the additional 5 h of drying for all food types. The difference between 1 and 6 h was insignificant; however, statistically significant (Po0.05) lower efficiencies were measured for 24 h drying time for apples only. Transfer of pesticides to bologna seems to decrease with the sample after 24 h drying time, but the variability within the samples after 6 h drying time did not allow it to be significant. The reason for the high variability for transfers to bologna for the 6 h drying time is unknown, but may indicate a difference in the bologna slices or to an inconsistent spraying event. Regardless, transfers of the pyrethroid pesticides were measureable for bologna and apple slices up to 24 h between application and surface contact.
Multiple Contacts with No Recontamination
The effects of multiple contacts of the same food item with a treated surface without recontamination resulted in transfers that were unique based on the food characteristics. Each food type showed an ability to reach saturation, or the maximum transfer, at different contacts (Table 3) . Transfer of all of the pyrethroid pesticides to bologna (72-1770 ng/cm 2 for all contacts) and apple slices (54.8-301 ng/cm 2 for all contacts) continued to be efficient. Transfer to bread (1.32-14.7 ng/cm 2 for all contacts) and sugar cookies (3.15-70.3 ng/cm 2 for all contacts) were measurable, but less efficient. TEs for all food samples are shown in Figure 3 .
Bologna is characterized by high fat and high moisture (Vonderheide et al., 2009a) . The transfer of pyrethroids increased from 42% (average for first contact) to 69% (average for fourth contact) after multiple contacts between bologna and the treated surface suggesting that this food was not saturated and the residue left on the surface was still available to contaminate the high fat, high moisture food on additional contacts. Using analysis of variance, the differences for total pyrethroids between contacts were significant at P ¼ 0.03. Comparing individual pyrethroids using analysis of variance on TE between contacts, permethrin measurements were not significantly different, whereas all others were different (Po0.05).
Apples, characterized by low fat and high moisture (Vonderheide et al., 2009a) , became saturated at 83%TE on average for the second through fourth contacts for all pyrethroids measured. The analysis of variance indicated whether TE varied significantly by contact. The differences for total pyrethroids between all contacts were significant (Po0.001), as were each individual pyrethroid (Po0.05). The increase in transfer from one to two contacts may have been due to uptake of the contaminated apple residue that was left behind on the earlier contact. The apple slice retrieved the contaminated food residue during the second contact and then was saturated. This would occur only if the apple slices were to contact the same area on the surface.
Bread and sugar cookies have low moisture characteristics (Vonderheide et al., 2009a) with the average transfer of all pyrethroids and all contacts o5 ng/cm 2 for bread slices and o45 ng/cm 2 for sugar cookies. Measurable levels of pyrethroids in the foods after contact with the surface resulted in some, albeit small, transfer. This differs from the earlier experiments in which there were little to no measureable levels. Generally, for bread, transfers of the individual pyrethroids were o1%TE and r4%TE for sugar cookie Influences on transfer of synthetic pyrethroids(except for three measurements). The TE did not differ significantly among the contacts for bread; however, significant differences were found for sugar cookies for total pyrethroids. The variability increased at such low transfers making it difficult to determine the influence of multiple contacts; however, it seemed that the foods were saturated after the first contact. Note that the scales in Figure 3 changed for bread and sugar cookies to enable the differences in pesticides to be visible. Fat content alone could not account for the increasing TE for bologna as the sugar cookies, also high fat, did not show the same phenomenon. High moisture influenced TE, as well; however, without high fat content, a maximum was met in which no additional pesticides were transferred. The moisture and/or oily surface of the food may have created a complete contact with the surface enabling a more efficient transfer. The foods used in these experiments were not handled or mouthed; therefore, the impact of oil from hands or saliva from mouthing were not tested. The impact of these activities would be expected to fall between the extremes of transfers demonstrated by the foods that were used.
Multiple Contacts with Recontamination
Transfer of pyrethroid pesticides were impacted by the recontamination of the surface between the contacts. Again, the food characteristic had an important function in the ability of the food item to transfer the various pyrethroids (Table 4) . TEs for all foods are shown in Figure 4 . Note that the scales change for each food item to accommodate the varying TEs for each. Transfer of the synthetic pyrethroids continued to be efficient by bologna (97.4-1330 ng/cm 2 for all contacts) when recontamination occurred between contacts. Average TE for total pyrethroids increased from 37% (first contact) to 53% (second contact) to 135% (third contact) to 188% (fourth contact) (Figure 4) . The continual increase in transfer of the pyrethroid pesticides suggested that the food was not saturated with pesticides, as was shown in the earlier experiments. As the pesticide solution was reapplied between contacts with a surface wipe taken for each spraying event, TEs 4100% were reasonable. TE is calculated based on the surface wipe. The surface wipe sample was collected after spraying a ''clean'' coupon even though food contact occurred after multiple treatments. The transfer to foods from one surface to the next was additive. Surface wipes of a child's home environment would be collected from one application. However, food might have contacted several surfaces or the same surface several times before collection. This simulation tries to take the multiple contacts into account to determine the impact of contacting a ''fresh'' area. Each contact between the bologna samples and the newly treated surfaces continued to transfer the synthetic pyrethroids; therefore, the maximum amount of pyrethroid transfer was not met during the four contacts of these experiments. Multiple contacts of high moisture and high fat food to a treated surface that has had no earlier contact increased the amount of pesticides transferred to food. The differences between the TEs among contacts were statistically significant at P ¼ 0.0016.
Transfer to apple slices (75.1-269 ng/cm 2 for all contacts) continued to be efficient after recontamination. Apple slices seemed to be saturated for an average of all pyrethroids at B40%TE after the initial contact. The increase in pesticide residue on the surface had little impact on the TE when apple slices were contacted multiple times. The differences between contacts were insignificant (P40.05). The decrease in efficiency for the third contact was believed to be an anomaly of the methodology as opposed to a loss and replacement phenomenon. As the recontaminated surfaces were new or not earlier contacted, no apple residue from an earlier contact was available for transfer to the slice suggesting that multiple contacts would not increase the contamination on the food. The high moisture probably allowed for complete contact of the food to the surface; however, moisture alone was insufficient for transferring the pyrethroid pesticides.
Transfer of the synthetic pyrethroids continued to be less efficient with bread (1.46-39.5 ng/cm 2 for all contacts) and sugar cookies (2.49-153 ng/cm 2 for all contacts) at TEs o10% for bread and o5% for sugar cookies, excluding the fourth contact, which showed increased variability. Although the transfers were low for bread slices, the differences between contacts was significant at P ¼ 0.03. Although average TE was much higher among sugar cookies for the fourth contact as compared within the contacts of cookies, no statistically significant differences were indicated overall because of the very high variability in results. Making the determination of impact of recontamination for these foods was difficult; however, it was apparent that low moisture foods that contact contaminated surfaces would likely not be a source of increased dietary exposure to synthetic pyrethroid pesticides. Activities, such as mouthing of the dry food, may change the moistness of the food item and increase its efficiency in transferring pesticides. Wetted dry foods were not included in these experiments, but would be expected to remain less efficient than bologna and/or apple slices.
Conclusions
The experiments in which the surfaces dried for various hours indicated that synthetic pyrethroid pesticides were available for transfer to foods for at least 24 h after application. Contact between the food items and the treated surface resulted in transfers of pesticides that could potentially increase exposures. A decrease in TE occurred with the 24 h sampling, which, in turn, would decrease the potential for excess dietary exposure. However, as long as pesticide levels are measureable on surfaces in the field, transfer of pesticides to some foods would occur. The distribution for the activity factor within CDIM should consider the influences on transfer of pesticides caused by the time after application. Characteristics of a food, that is fat and moisture content, have an important function on the impact of multiple contacts of a food item with treated surfaces for TE. The characteristics do not seem to be independent, both fat and moisture influence the efficiency of transfer of pyrethroid pesticides. The impact is greatest with these characteristics because the oily and/or moist foods create a more complete contact with the surface as compared with the dry, porous foods. The food items used in these experiments covered a large range in fat and moisture contents so that the distributions used in CDIM would be inclusive of other untested activities that might also influence the transfer of pyrethroid pesticides, but not tested, for example mouthing or handling of foods.
In addition to the contact, the type of pesticide also influenced transfer. The hydrophobic pesticides, that is all of the pyrethroids tested, were attracted to the fatty food, bologna, and continued to transfer onto it after multiple contacts. A maximum TE was not measured for bologna within the design of these experiments. Therefore, the full influence on transfer of the pyrethroid pesticides was not obtained.
The high moisture foods (bologna and apple slices) transferred pesticide residues more efficiently; therefore, have a greater potential for increasing dietary exposures when contacting contaminated surfaces. When fat content was low and moisture high, the food item (e.g. apples) reached saturation after the second contact regardless of recontamination. This may be an important consideration for the CDIM activity factors. Moist foods contacting treated surfaces multiple times seem to have no additional impact on the potential for total dietary exposures as compared with the initial contact, regardless of where the contact occurs, that is in the same area or new area. On the other hand, the high fat foods (bologna and sugar cookies) did not seem to reach saturation. Multiple contacts of a surface, regardless of recontamination, potentially increase the possibility of exposure to pyrethroid pesticides by these foods. The distributions of CDIM activity factors will need to take the characteristic of the food into consideration when predicting potential dietary exposures.
Continuing studies to measure the TEs of pesticides on surfaces to foods is not without issue. Inert ingredients within the commercial pesticide products may have affected the preparation of the spray solution, as shown by the comparison of the wipe results. Products with the same active ingredient, but different inerts, may behave differently than the products used in these experiments. Reliance on only spray concentrations to compare TEs would be unwise as the concentration varies for each preparation; hence, the calculation of TE is essential to compare the findings between foods and spraying events. Although the heterogeneity of the spray solution has not been addressed in these experiments, the impact is believed to have been avoided by normalizing the results with the calculation of TE. Moisture continued to have an important function in the ability of the foods to transfer the pyrethroid pesticides from the surfaces, as shown in earlier work (Vonderheide et al., 2009a) . This may have resulted from a more complete contact between food and surface because of a moisture interface. However, the experiments conducted in this study indicated that the fat content may have more impact on the transferability of the pesticides with multiple contacts, as the transfer continued to increase. This will need to be considered within the distributions used by CDIM.
Finally, the TEs for the apple slices differed throughout these experiments, as well as from earlier work, showing the continued variability observed with these types of studies. A determination as to why apples behaved so differently was not made, but shows the need to maintain consistency with the techniques used for the experiments wherever possible. Accepting that limitations exist, the TEs obtained from the experiments performed during these studies will improve the appropriate parameter distributions used within CDIM. The results also indicate that the parameters within CDIM are dependent, which needs to be addressed within the model.
